Abstract. Although parasite modification of host behaviour is well established, little is known about the effects of parasites on the spatial learning abilities of the host. The effects of an acute, sub-clinical infection with the naturally occurring, single host, enteric, protozoan parasite, Eimeria vermiformis, on spatial water-maze learning by male laboratory mice, Mus musculus, were examined. Individual mice had to learn the spatial location of a submerged hidden platform using extra-maze visual cues. Determinations of spatial acquisition were made with different groups of mice on days 4 (pre-infective), 7 (onset of infectivity or patency) and 10 (infective) post-infection. Task retention was examined in a probe trial 1 day later. The infected mice displayed significantly poorer acquisition and retention of the water-maze task over 1 day of testing (six blocks of four trials) than either sham-infected or control mice, with mice at days 4 and 7 post-infection displaying significantly poorer spatial performance than mice on day 10 post-infection. This attenuation of spatial learning occurred in the absence of either any symptoms of malaise or illness, or any evident motor, visual and motivational impairments. These parasitic-infection-induced decreases in spatial learning are likely to arise as side-effects of the immunological and neuromodulatory responses of the host and may be considered as a fitness cost associated with response to infection.
Parasites have a variety of influences on their hosts other than the more obvious pathological and immunological changes, even in cases where parasitism is sub-clinical (Holmes & Zohar 1990; Milinski 1990; Moore & Gotelli 1990; Lafferty 1992; Zuk 1992; Møller et al. 1993; Thompson & Kavaliers 1994) . Many behaviour patterns affected by parasites are either directly or indirectly related to spatial learning and memory. Spatial abilities are important in a range of ecological contexts. For example, successful foraging, reproduction, predator avoidance and territorial defence, all of which have been reported to be influenced by parasitism (reviews in Milinski 1990; Zuk 1992; Møller et al. 1993) , depend on the host's spatial abilities and memories and in particular the spatial localization of patches, mates, escape routes and neighbours (Gaulin & Fitzgerald 1989; Krebs & Horn 1991; Krebs & Inman 1992; Sherry et al. 1992 ). However, despite this obvious importance of spatial abilities, the effects of parasites on host spatial performance have received minimal consideration. There have been several reports of the deleterious effects of relatively heavy levels of parasites on cognition in humans and rodents (e.g. passive avoidance, discrimination learning; Kershaw et al. 1959; Stretch et al. 1960; Dolinsky et al. 1981; Kvalsvig 1988) . However, interpretation of those findings and their possible relevance to ecologically relevant spatial performance is confounded by the concomitant disruptions of motor and behavioural activities.
In recent years, the open-field water maze ('Morris' water maze) has been used extensively to examine the behavioural, neural and physiological substrates of spatial mapping and learning in rodents (Morris 1984; Stewart & Morris 1993) . The water maze is composed of a circular pool filled with an opaque solution of water and containing an escape platform submerged just under the water surface at a constant position relative to various extra-maze cues. On each training trial, an animal is placed at one of various start positions near the circumference of the maze and is allowed to swim until it locates the escape platform. Over successive trials, individuals learn to locate the platform more rapidly, and eventually they 0003-3472/95/070223+07 $12.00/0 1995 The Association for the Study of Animal Behaviour
